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StomachThe stomach is an uncommon location for gastrinomas. Here we report a rare case of multifocal gastrinomas in
the antrum with concomitant gastric adenocarcinoma and neuroendocrine cell hyperplasia. The patient was a
35-year-old man who presented with mild upper abdominal discomfort for 3 months. Serum gastrin level was
elevated to 542 pg/mL (normal: b100 pg/mL). Endoscopic examination revealed multiple polyps in the antrum,
which proved to be carcinoid tumors on biopsy. Partial gastrectomy was performed. The surgical specimen
contained multiple pedunculated polyps measuring up to 2 cm in greatest dimension. Additionally, many
small, sessile polypswith central umbilicationwere identiﬁed in the antrumand the pylorus. Histological and im-
munohistochemical studies of the polyps showed nests of low-grade tumor cells that were positive for gastrin,
conﬁrming a diagnosis of multifocal gastrinoma. Incidentally, one large polyp was found to harbor a focus of
poorly-differentiated adenocarcinomawith signet ring cell features. Diffuse enterochromafﬁn-like cell hyperpla-
sia and small carcinoid tumors were identiﬁed in the body of the stomach. Regional lymph nodes were positive
for both adenocarcinoma and gastrinoma. In addition,Helicobacter pylori-like organismswere detected in the an-
tral mucosa. The post-operative course was uneventful, and the patient's serum gastrin level dropped to
30 pg/mL. He is currently receiving chemotherapy for the adenocarcinoma. This is a rare case of multifocal
gastrinoma in an unusual location. It has already been established that hypergastrinemia plays a role in the path-
ogenesis of gastric adenocarcinoma and neuroendocrine neoplasms. Therefore, it is important to rule out these
concomitant lesions, both clinically and pathologically, when dealing with a proven gastrinoma.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Gastrinomas are gastrin-producing neuroendocrine tumors that
lead to elevated serum gastrin levels, excessive gastric acid production,
development of peptic ulcers, and diarrhea—the constellation of signs
seen in Zollinger-Ellison syndrome. Gastrinomas can be sporadic or as-
sociated with genetic changes such as those present in multiple endo-
crine neoplasia type 1 (MEN1) syndrome. In MEN1 syndrome,
gastrinomas are usually multifocal and arise in the duodenum. Less fre-
quently, MEN1 patients may have a single gastrinoma in the pancreas.
Most gastrinomas are found in the so-called “gastrinoma triangle,”
which is deﬁned by the junction of the neck and body of the pancreas,
the point of transition of the second part of the duodenum into the
third, and, ﬁnally, the conﬂuence of the cystic and common bile ducts
[1]. Gastrinomas outside of the triangle are rare and only a few cases
have been reported in the liver, omentum, or gastric antrum [2]. Here
we report a case of multifocal gastrinomas present in the antrum ofNY DownstateMedical Center,
NY11203, United States.
. This is an open access article under
mitant multifocal gastrinom
tp://dx.doi.org/10.1016/j.ehpthe stomach. More interestingly, the patient was simultaneously
found to have adenocarcinoma in the antrum, along with neuroendo-
crine cell hyperplasia and carcinoid formation in the body of stomach.
These ﬁndings highlight the importance of a thoroughwork-up and ex-
tensive tissue sampling in gastrinoma patients.
2. Case summary
A 35-year-old man presented with mild upper abdominal pain for
3 months. Endoscopic examination revealed multiple antral polyps in
the stomach. Serum gastrin level was elevated to 542 pg/mL (normal:
b100 pg/mL). Microscopic analysis of the gastric biopsies showed that
the polyps were carcinoid tumors. Since no other lesions were found
in the duodenum or pancreas, partial gastrectomy and hepatic artery
lymph node dissection were performed.
The surgical specimen included part of the corpus of the stomach as
well as the antrum, proximal duodenum, and several lymph nodes. Six
large, pedunculated polyps,measuring 1–2cm indiameter, andmultiple
(N20) small sessile polyps with central umbilication were grossly
identiﬁed in the antrum and pylorus (Fig. 1). Pathological examination
demonstrated that ﬁve out of the six large polyps and all of the small
sessile polyps were composed of nests and trabeculae of tumor cellsthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1.Gross specimen of the partial gastrectomy.Multiple large pedunculated polyps (empty arrows) and small sessile polyps (solid arrow)with central umbilication are present. The left
lower end is the pylorus and the right upper end is the resection margin of the body.
2 C. Lu et al. / Human Pathology: Case Reports xxx (2016) xxx–xxx(Fig. 2A and B). The tumor cells weremonotonouswith round nuclei, ﬁne
chromatin, conspicuous nucleoli, and rare mitotic ﬁgures. Immunohisto-
chemistry on representative sections showed that the tumor cells were
positive for gastrin, synaptophysin, and chromogranin A (Fig. 2C),
conﬁrming the diagnosis of multifocal well-differentiated gastrinomas.
One large polyp showed histology that was distinct from the other
polyps of the gastrinomas (Fig. 3). It had irregular glands with promi-
nent nuclear atypia and single cells with signet ring cell features. The
tumor invaded into the submucosal tissue. Themorphologywas consis-
tent with a poorly differentiated adenocarcinoma.Fig. 2. Gastrinomas in the stomach and metastasis to lymph nodes near the hepatic artery. (A)
gastric antrum showing monotonous tumor cells in a nested growth pattern, (C) which are
node, later conﬁrmed by gastrin immunohistochemistry.
Please cite this article as: C. Lu, et al., Concomitant multifocal gastrinom
review, Human Path Case Reports (2016), http://dx.doi.org/10.1016/j.ehpTwo lymph nodes taken from the area around the hepatic artery
were involved by metastatic gastrinoma (Fig. 2D), while a third lymph
node near the duodenum was positive for metastatic adenocarcinoma.
Prominent neuroendocrine cell hyperplasia was present in the mu-
cosa of the body of stomach (Fig. 4). These cells formed small clusters
in the lamina propria and also showed a linear pattern at the base of
the pits. A few foci of neuroendocrine cell hyperplasia were N0.5 mm
in diameter and showed rare mitotic ﬁgures, fulﬁlling the diagnostic
criteria of well-differentiated carcinoid tumor [3]. These hyperplastic
foci and carcinoid tumors were positive for synaptophysin, yet negativeLow magniﬁcation and (B) high magniﬁcation of a gastrinoma in a large polyp from the
positive for gastrin via immunohistochemistry. (D) Foci of gastrinoma cells in a lymph
as and adenocarcinoma in the stomach: A case report and literature
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Fig. 3. Adenocarcinoma in the stomach andmetastasis to a regional lymph node. (A) Irregular inﬁltrating glandswith high grade atypia. (B) Malignant cells show signet ring cell features.
3C. Lu et al. / Human Pathology: Case Reports xxx (2016) xxx–xxxfor gastrin, suggesting theymight be of enterochromafﬁn-like cell origin
with the hyperplasia representing a response to the hypergastrinemia.
The antral mucosa showed moderate active chronic gastritis with
numerousHelicobacter pylori organisms. No intestinalmetaplasia or fea-
tures of atrophic gastritis were identiﬁed. Immunostaining for gastrin
demonstrated linear hyperplasia of gastrin-producing cells in the glands
of antrum.
Postoperatively, the patient's serum gastrin levels dropped to
30 pg/mL. Due to the positive surgical margin for neuroendocrine cell
hyperplasia and carcinoid tumor, a completion total gastrectomy was
performed, which again showed neuroendocrine cell hyperplasia and
small carcinoid tumors in the body and fundus of stomach. The patient
uneventfully recovered from the surgeries. He is now receiving chemo-
therapy and has shown no evidence of recurrence or metastatic disease
after more than one year's follow-up.Fig. 4.Neuroendocrine cell hyperplasia. (A) A large nest of neuroendocrine cell hyperplasia in t
(B) Small nests of neuroendocrine cell hyperplasia in the mucosa of the corpus of the stoma
synaptophysin and (D) negative for gastrin, suggesting that they are enterochromafﬁn-like cel
Please cite this article as: C. Lu, et al., Concomitant multifocal gastrinom
review, Human Path Case Reports (2016), http://dx.doi.org/10.1016/j.ehpWork-up for MEN1 syndrome was done and the patient was found
to have an elevated PTH level in his blood, as well as enlarged parathy-
roid glands. However, no tumors were detected in the pituitary gland,
pancreas, or duodenum. The patient is currently under close follow up.
The patient did not give consent for genetic testing.
3. Discussion
Gastrinomas are tumors of gastrin-producingG cells. Themajority of
gastrinomas are found in the “gastrinoma triangle” including the duo-
denum and the head of pancreas. Only a few case reports of a
gastrinoma arising in the gastric antrum have been published [4,5].
The current case, to our best knowledge, is the ﬁrst report of multifocal
gastrinomas in the antrum. It is interesting to note that the incidence of
gastrinomas in different locations does not go alongwith the number orhemucosa of the corpus of the stomach, large enough to be diagnosed as carcinoid tumor.
ch. (C) The carcinoid tumor and the small nests of neuroendocrine cells are positive for
ls.
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4 C. Lu et al. / Human Pathology: Case Reports xxx (2016) xxx–xxxconcentration of G cells normally present in the tissue at these locations.
While G cells are normally abundant in the antral mucosa of stomach,
they are present, to a much lesser degree, in normal duodenal mucosa
[6,7]. In the pancreas, G cells are transiently present in neonates but ab-
sent in adults [8]. It remains unclearwhymost gastrinomas are found in
locations such as the duodenum and pancreas, but rarely in the antrum.
One hypothesis could be that gastrinomas may derive from some pre-
cursors/stem cells instead of differentiated G cells. Experimental studies
are warranted to further explore the underlying mechanisms.
In our case, the additional ﬁnding of adenocarcinomawas unexpect-
ed. Rare cases of co-existing gastric adenocarcinomas and gastrinomas
have been reported in the literature, either as a collision tumor [9] or
as separate lesions [10]. These clinical observations suggest that
hypergastrinemia may play a role in the pathogenesis of gastric adeno-
carcinoma. Indeed, experimental studies have provided further evi-
dence to support this hypothesis [11]. In one animal study, transgenic
mice with overexpression of gastrin and hypergastrinemia showed a
high incidence of invasive gastric carcinoma [12]. Six out of eight mice
developed gastric carcinoma after 20 months of age [12]. In human
tumor specimens, Schott et al. found that excessive progastrinwas asso-
ciated with diminished expression of E-cadherin [10], and the authors
believed that this change might be related to the development of signet
ring cell adenocarcinoma.
In addition to its role in carcinogenesis, gastrin has trophic effects on
the enterochromafﬁn-like cells in the body and fundus of stomach, lead-
ing to neuroendocrine cell hyperplasia and neoplasia. According to the
WHO 2010 classiﬁcation, neuroendocrine cell hyperplasia of the stom-
ach arises in three settings: type A, associated with secondary
hypergastrinemia due to autoimmune gastritis; type B, associated
with primary hypergastrinemia due to gastrinomas in Zollinger-
Ellison or MEN1 syndrome; type C, sporadic tumors. In type B tumors,
there is data showing the incidence of neuroendocrine cell tumors is
much higher in MEN1 associated gastrinomas than in sporadic
gastrinomas, suggesting that genetic factors, such as the MEN1 gene
mutation, may sensitize the enterochromafﬁn-like cells to the trophic
effects of gastrin [13]. Neuroendocrine cell hyperplasia and neoplasia
arising in type A and B settings are classiﬁed predominantly by the
size of the lesions: the term hyperplasia is used for lesions no
N150 μm in diameter; dysplasia for nodules 150–500 μm in diameter;
micro-neuroendocrine tumor (micro-carcinoid) for nodules 500 μm to
5mm; carcinoid tumor for nodules larger than 5mm [3]. In our current
patient, his young age, multifocal gastrinomas, and the presence of hy-
perparathyroidism strongly suggest the possibility of MEN1 syndrome.
Based on the aforementioned criteria, this case was classiﬁed as type B
neuroendocrine cell hyperplasia and carcinoid formation. Neuroendo-
crine cell tumors of types A and B are usually associated with a good
prognosis, but type B tumors may behave more aggressively [14].
Neuroendocrine cell hyperplasia and neoplasia share the similar
histological morphology and neuroendocrine marker expression
proﬁles with gastrinomas, therefore, it is important to perform
immunostaining for gastrin to differentiate the two entities. In our
case, regional lymph nodes were positive for metastases with a
neuroendocrine tumor that stained positive with the gastrin immuno-
stain, making the multifocal gastrinomas in the antrum—not thePlease cite this article as: C. Lu, et al., Concomitant multifocal gastrinom
review, Human Path Case Reports (2016), http://dx.doi.org/10.1016/j.ehpenterochromafﬁn-like cell hyperplasia/carcinoids in the gastric
corpus—the likely source of metastatic disease.
The patient had H. pylori organisms and associated gastritis in the
antralmucosa. It iswell established thatH. pylori infection can cause a cas-
cade of changes in the stomach, including gastritis, mucosal atrophy, de-
creased acid production, antral G cell hyperplasia, and hypergastrinemia
[14]. This hypergastrinemiamay contribute to the pathogenesis of adeno-
carcinoma and neuroendocrine cell hyperplasia and neoplasia. In addi-
tion, H. pylori infection by itself, independent of hypergastrinemia, can
increase the incidence of gastric adenocarcinoma [11,12]. In our case, gas-
tritis and gastrin-producing cell hyperplasia were seen in the antrum,
which suggests thatH. pylori infectionmay have contributed to the devel-
opment of gastric adenocarcinoma and neuroendocrine cell hyperplasia.
However, the gastritis was moderate and severe mucosal atrophy was
not present. Therefore, the contribution of H. pylori infection to tumori-
genesis in this casemayhave only been aminor one.WhetherH. pylori in-
fection is more carcinogenic in a setting of MEN1 associated gastrinoma
remains undetermined.
In summary, this case of concomitant, multifocal gastrinomas, ade-
nocarcinoma, and neuroendocrine cell hyperplasia and neoplasia in
the stomach is a unique one. It inspired us to explore the complex
roles of gastrin andH. pylori infection in tumorigenesis within the stom-
ach. As for the implications for clinical practice, this case suggests that a
thorough work-up should be performed in patients with gastrinoma to
rule out any concomitant tumors, especially carcinomas.
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